Introduction
Communication is ubiquitous in the lives of professional engineers. With a number of surveys suggesting that engineers spend between 40 and 60 percent (and more) of their workday engaged in communicative activities [1] [2] [3] [4] , not only is the importance of communication apparent, but it can no longer be separated from the practice of engineering as the misleading hard skills vs soft skills, technical skills vs professional skills dichotomy asserts. However, given the escalating demands for "work-ready" undergraduates and the resulting heavy workload of engineering faculty and students, adding direct and recurring communications instruction to the engineering curriculum represents a significant challenge.
In response to this challenge, a few schools and colleges of engineering are attempting integrate communication instruction into and across their existing engineering curriculum by fostering "partnerships," e.g., teaching partnerships and course partnerships, with communication professionals 5 . Such integration facilitates students learning communication as "socially situated [technical and professional] practice" 6 , while also reducing somewhat the workload and supplementing the relevant expertise of engineering faculty. The Sibley School of Mechanical and Aerospace Engineering (MAE) and the Engineering Communications Program (ECP) in the College of Engineering at Cornell University are actively facilitating the formation of such partnerships.
Creating a pilot partner course, ENGRC 2250, Communication for Mechanical
Engineering Design at the sophomore level to be taught in conjunction with MAE 2250, Mechanical Synthesis.
Coordinating and supporting through teaching partnerships communication instruction in
select junior and senior level MAE courses. 3. Designing a two-to-five-year educational research project with the objective of assessing students' improved ability to communicate. This research should provide both quantitative (most important) and qualitative evidence of the success (or not) of that course and should be useful for continuing assessment into students' third and fourth years and beyond graduation.
Our plan allowed us to teach ENGRC 2250 during the spring 2016 and 2017 semesters to a selfselecting subset, 20+ students, of MAE undergraduates also enrolled in MAE 2250. At the same time, we conducted quantitative and qualitative educational research, commonly referred to as mixed methods research. As well, in the academic years of 2015-2016 and 2016-2017 (and possibly again in spring 2017-2018), we worked with faculty in the junior and senior level MAE courses to determine how we might best coordinate and support teaching communication in their courses as well. In addition, ECP will provided MAE faculty with the findings of that educational research. Of particular interest are our findings in response to our focal research question:
How well can we facilitate the development of communicative self-efficacy (CSE)?
Depending upon those findings, then, a decision will be made concerning full curricular implementation. However, even at this early juncture, we believe that the MAE/ECP Engineering Communications Initiative, if implemented, is innovative in a number of ways:
1. It offers a deliberate and purposeful horizontal and vertical, theoretically consistent, and constant curriculum for providing communication instruction that will serve as a model for other schools and colleges of engineering. 2. The Initiative anticipates and enables learning post-graduate technical and professional communication by empowering students with foundational communication concepts and providing them experience applying those concepts within the multiple modalities (WOVE) and across many genres. 3. The plan proposes a model process for near-and long-term assessment through locallysituated and emergent educational research.
Research paradigm, self-efficacy, design, and methods
In order to assess the new MAE engineering communications curriculum and specifically to answer the above focal research question, we selected a research paradigm, design and method that seemed most appropriate. It should be apparent from the above that MAE and ECP are taking action -creating a new engineering communications course and curriculum. Consequently, we selected a pragmatist paradigm. Our aim was to produce useful knowledge used "to guide behavior that produces anticipated outcomes" 7 . The design was an explanatory, sequential mixed methods design. The critical question related to this design is "In what ways do the qualitative data explain the quantitative results?" 8 . And finally, because different methods have different strengths, we choose to use a survey instrument to collect quantitative data and interviews primarily to collect qualitative data 7. Our focal research question became more detailed as we progressed. Now, our frame is this: How well can we facilitate in MAE undergraduate engineering students the development of communicative self-efficacy (CSE) through ENGRC 2250 and then foster its continuing development through select junior and senior level courses in the MAE curriculum in a way that transfers to and enables technical and professional communicative practice? CSE became the way that we choose to operationalize and test improvement in students' ability to communicate.
Simply put, using self-efficacy as a measuring stick for success is a well-established practice in engineering education. Self-efficacy tools measure how well subjects (in this case, students) rate themselves as having positive behaviors; and positive behaviors translate into higher-performing practices. In ASEE Proceedings alone, there are over 1400 references to self-efficacy in student engineering practice. So, it is both an established and apparently quite useful construct. Selfefficacy, as a theoretical tool put into practice, is a critical element of Social Cognitive Theory 9 . It "refers to beliefs in one's capabilities to organize and execute those courses of action required to produce given attainments" 10 , or a "person's awareness of their ability to accomplish a goal" 11 .
There are four kinds of experiences that contribute positively to self-efficacy: 1) mastery experiences, 2) vicarious experiences, 3) verbal or social persuasions, 4) and psychological states. It has proven to be a powerful predictor of achievement in areas that range from the more general -learning, academic achievement, retention, mathematics -to the more specificcomputing 11 , engineering design 12 , engineering modeling 13 , even tinkering 14 just to name a few. Implementing it requires development of a survey instrument, which, although not easy, is more flexible and therefore applicable as well as less time-and labor-intensive than alternatives for assessing communicative performance 15 . Consequently, and along with other possible contributions, our research has the opportunity to offer a model for the development of other similarly focused instruments.
MAE students enrolled in ENGRC 2250 took two surveys--Early Term Survey and End of Term Survey--in order to determine the impact of the pilot course. Both survey instruments were exactly the same. In addition, we will encourage those students to take that survey again (and again) as they progress through their junior and senior years in order to determine if there will be a continuing impact.
We also distributed the survey across the MAE curriculum at the start of the term, encouraging as many students with a declared MAE major as possible to participate. The results from those sophomores, juniors and seniors who have not taken the course serve as a comparison to provide perspective. Indeed, we hope eventually to offer the survey to MAE graduates employed in professional engineering positions.
4. Communicative Identity: Communication creates identity, not only the identity of the one initiating communicative interaction, but also the identity or identities the one or ones being communicated with. We intend that these four foundational concepts serve as a basis for understanding what seemingly different ways of communicating actually all have in common. Our survey question set can be found in Appendix A. As well, at this site (https://tinyurl.com/engrc2250), readers can find more details about our course setup, assignments, and ABET alignments.
WOVE: Actionable and socially constructed modes
There are additional constructs: WOVE is the acronym for the written, oral, visual and electronic modes of communication. As such, it is an emerging area of interest and research in engineering communication and communication instruction 5 . It "recognizes that writing and speaking do not occur in a vacuum but are often embedded in dynamic, multimodal [texts and] contexts" 6 . For the purposes of engineering communication and providing communication instruction to our students, we identified those modes of communication most relevant to the fields of mechanical and aerospace engineering. And, narrowing it even further, we focused on the particular genres and those modes most important for undergraduate and sophomore level students enrolled in the MAE 2250 partner course.
However, rarely do the WOVE modes occur in isolation in the relevant genres. Lab reports almost always include visuals: graphs, tables, charts, sketches. Visuals include captions, which is specialized writing that describes the important information in the visual. Presentations certainly include speech, but routinely also include visuals and writing. In fact, almost all the genres associated with communication in the sciences and engineering are multimodal. Even communication in project teams is multimodal: speech, of course, but that communication also involves email exchanges, texts (as in texting) and more. So, our aim in ENGRC 2250 was not only to encourage the students to develop facility with each of the isolated modes, but also to consider how they might combine different modes into a single document in ways that acknowledge each mode's affordances or potentialities and constraints or challenges. As well, we wanted to explore each mode's potentialities as it contributes in a positive way to the ensemble that is the communicative performance. Again, in our survey (Appendix A), questions 4, 5, 6, and 7 address the mode of writing. Questions 8, 9, and 10 address oral modality. Questions 11, 12, 13, and 14 address the visual modes. Questions 15 and 16 address the electronic mode. Questions 19, 20, 21, and 22 address modes used in communication in teams.
Finally, we collaborated with the Cornell University Survey Research Institute (SRI) both to distribute our communicative self-efficacy survey online to MAE undergraduates and to assist us in analyzing the results. Our survey and this process has been fully evaluated and approved by our university's IRB.
Before presenting the results of quantitative research following the first pilot, let's summarize. The Mechanical and Aerospace Engineering (MAE) program at Cornell University wanted to do something more to prepare undergraduates for professional communicative practice. We proposed creating a pilot partner communications course to be taught to self-selecting MAE sophomore students. In addition, we proposed coordinating and supporting teaching partnerships with faculty in select junior and senior level courses. We proposed designing a two-to-five year mixed methods educational research project to assess the results. (See Appendix B for a diagram of that research project.) And finally, as a critical component of that proposal, we operationalized the ability to communicate as communicative self-efficacy. To date, we have completed the first pilot and are beginning the second. We have begun meeting and coordinating with MAE faculty teaching designated junior and senior MAE courses. And, we have completed the first year of our multi-year research project.
Results of the Early Term Survey for communicative self-efficacy
Herein, we will be presenting the results of early term survey distribution. As mentioned above, the survey did contain seven questions asking for demographic information. But for the reasons of focus and length, we will not be presenting that information in this paper with one exceptionthat of academic level. The reason for including academic level is to offer a kind of "snapshot" of the current state of communicative self-efficacy (CSE) among participating undergraduate students in MAE. Also, for the purposes of simplifying the presentation of the results, we have collected students into two groups: "ENGRC 2250 Course Students" or those enrolled in the pilot and "MAE Anonymous Students" or other sophomore (but not enrolled in the Communications course), junior and senior level MAE students. Later in this work, we will present the results from our end of term survey with those course students.
Our extensive data set (Tables 1-14) is provided fully in Appendix B. The total number of responses, N, ranged from 239 to 245 -not all the students responded to all the questions. In our study's tables, numbers in the "ENGRC 2250" columns represent sophomore-level students who were taking MAE 2250 and ENGRC 2250 concurrently. In the "Anonymous MAE Students" column, we report responses from declared MAE majors from several courses; none of these respondents were in ENGRC 2250. (Tables are in Appendix B.) Now, and briefly, as a preview of our data, we offer these take-aways:
• Combining the responses of both the course students and anonymous students the average mean score ranged from the lowest, 67.5 for "giving effective talks and presentations" and the highest, 83.4 for "can communicate effectively in teams."
• Results suggest that CSE increases as disciplinary or field experience increases; that is, seniors exhibit higher self-efficacy than juniors and juniors more than sophomores (Tables 1 and 2 ).
• It appears that progressively larger percentages of the undergraduate student population locate themselves in the high range (Table 2 ).
• Results can lead us to surmise that students understand the modes as real constructs with high reliability scores across the relevant survey items -the only exception being electronic communication. See Table 3 .
• We observed a pattern of development for those modes or dimensions that is parallel to that of individual items (Tables 4 and 6 ).
• Our anecdotal observations were reinforced--that students understand that their ability to communicate and their ability to communicate using various modes is a learned experience that increases with academic level and is enhanced through opportunities to practice (Tables 7 and 8 ). Table 1 , titled "Descriptive Statistics of CSE Items by Academic Level," reports communicative self-efficacy according to academic level. There are a few items of note:
• First, the overall CSE ratings by all the students taking the survey were relatively high.
• Second, given the range of mean scores, the ratings demonstrated some spread, i.e., standard deviation. Again, there seemed to be greater spread in the responses of course students than in anonymous students, and that spread tended to tighten with progressing academic level.
• Third, those ratings generally increased with academic level -juniors rated themselves higher than sophomores and seniors higher than juniors or sophomores.
Next, Table 2 , " Table 2 . Percentage of Students Indicating Low, Medium, and High CSE for Items by Academic Level, Early Term Survey," records the percentages of students in the low, medium, and high ranges. Not only do the mean scores go up, but the percentages of students who locate themselves in the high range also increases. Then, Table 3 , "Question Topics Included and Reliability of Dimensions of CSE," reports scale reliabilities or how well items within each dimension go along with one another and address a similar construct.
In addition, we also grouped certain survey items together into six dimensions generally correspondent with modalities and related constructs (see Table 4 ). Those dimensions are: D1 or general CSE, D2 or writing self-efficacy, D3 or presenting/speaking self-efficacy, D4 or visual CSE, D5 or electronic CSE and D6 or CSE in small groups/teams. Table 4 reports these results according to academic level. Again, the take-away is that the means scores increase with academic level. . Also, in an effort to understand how the dimensions relate to one another, correlations (Pearson rs) between pairs of dimensions were also examined. Table 5 shows the correlations between dimensions. As one might expect, the general dimension displayed the highest correlations with the other dimensions and the electronic dimension demonstrated the lowest (again something that we might want to consider investigating further). Table 6 shows the percentage of students in low, medium, and high CSE for dimensions.
The percentages for students' responses to individual items is similar to the students' responses when related by dimensions. Course students often report lower CSE for dimensions than other non-course sophomores, juniors slightly higher, as a rule, than sophomores, and seniors higher than course students, sophomores and juniors. Finally, Tables 7 and 8 report summaries of ANOVAs for individual survey items and for dimensions. (ANOVA means "ANalysis Of VAriance, which is a statistical method for making comparisons simultaneously between 2+ means. ANOVA methods give values and results that can be analyzed to determine if there is a significant relationship between variables.) For both Tables 7 and 8 , F ratios are large, observed p values are consistently below an alpha level of .005, effect sizes estimates (Partial ƞ 2 ) are consistently over .5 and power is almost always 1.0. Considered together, these tables support the idea that academic level is a salient variable.
Preliminary thoughts
So, what have we learned from our initial snapshot? We are very satisfied with the usefulness of this instrument in providing us with a picture of the understanding that MAE undergraduates students have of their ability to communicate in an engineering context. Specifically, the scores suggest students understand that their ability to communicate, as operationalized by CSE, is a learned experience--a developing competence in a particular discipline or field. The scores also suggest they understand that practice or opportunities to practice communicating within a disciplinary or field context is both relevant and necessary to that development. And finally, students' scores reveal that as they progress through the curriculum and with added experience and practice, they come to believe more powerfully in their capabilities to perform and realize goals through various communicative actions, and to do so in ways that allow them to participate as disciplinary or field members. 16 claim, "validity is not a property of an instrument," but rather it is revealed in its usefulness in providing evidence of the meaning and relevance of the resulting scores. We propose that our survey results provide evidence for how MAE undergraduates understand their ability to communicate and how they understand that that ability develops with experience and practice.
Douglas and Purzer

Results of the End of Term Survey for communicative self-efficacy (ENGRC 2250 students only)
Here we present the results of our follow-up or second distribution of the survey to the students in the communication course (ENGRC 2250). Let us give some brief background in order to avoid confusion.
Twenty students enrolled in the first pilot ENGRC 2250 course (AY 15-16). Of those twenty, one student did not complete the survey at the end of the semester. Another claimed that he/she was a junior. Consequently, the total number of course students counted as responding to the first distribution was 18 (see Table 1 ). In representations of the first distribution in the data that follows, notice that that number increases to 19. The student who identified as a junior was later added to the totals. Finally, despite repeated requests, we failed to get two ENGRC 2250 students to respond. So, the total number of students responding to the second survey distribution is only 16 versus `18 from the start of the term.
Again, and briefly, let us preview of our follow-up data findings:
• Briefly stated, the students reported demonstrable improvement. Table 10 , "Descriptive Statistics of CSE Dimensions at Early Term and End of Term Time Points," reveal large increases in the mean CSE scores both for individual items and across the various dimensions or modalities. Since the time points for the baseline and the follow-up surveys are the beginning and the end of the ENGRC 2250 course, we attribute that increase to the course.
• Tables 11 and 12 confirm that attribution.
• Table 13 , "Percentage of Respondents Indicating Levels of CSE for Items at Time Points," and Table 14 , "Percentage of Respondents Indicating Levels of CSE for Dimensions at Time Points," reveal that not only did the CSE scores increasing dramatically, but also there was an increase in the number of students ranking themselves in the highest categories -both for individual items and for the dimensions or modalities.
In looking at our results, two things are clear: 1. Mean scores were consistently higher for both individual items and dimensions at the End of Term Survey versus the Early Term Survey. To illustrate: for item 8, "give effective talks/presentations," the mean of the Early Term Survey scores was 55.4. For the same item 8, the mean of the follow-up scores was 91.7. For the dimension score relating to "presenting/speaking self-efficacy," the mean of the baseline scores was 55.6. The mean of the follow-up scores was again 91.7. 2. The variation in scores as measured by the standard deviation is consistently lower in the follow-up. The narrowing of the standard deviation may be related to the small sample size. However, it may also suggest that the course had a similar and considerable impact on most of the students enrolled. The increases in CSE across academic levels in the baseline survey could be described as incremental, especially from the sophomore to the junior years; increases in CSE for course students could be described as substantial, changing from the medium-low range to the mid-high range. Table 9 shows both Early Term and End of Term responses to the individual items of the course students. Table 10 shows the both responses for the dimensions.
In order to detect direct change in CSE from baseline to follow-up, scores for course students at each time point were compared with ANOVA. Tables 11 and 12 show that the results of analyses on each individual item, as well as dimension scores. These results clearly suggest that respondents reported meaningfully higher self-efficacy after completing the course.
These tables clearly convey that changes in CSE are significant. In particular, and in relation to the two time points or the Early/End responses to the survey, F ratios are large, observed p values are consistently below an alpha level of .005, effect sizes estimates (Partial ƞ 2 ) are consistently over .5 and power is almost always 1.0. The only caveat that should be drawn to this data is that it is based on a relatively small sample, and it will be important to replicate these patterns and their associated sizes or intensities in future distributions of the survey.
Yet another method of examining change in scores across time points, item and dimension scores were again categorized into groups indicating low, medium and high CSE. The percentage of respondents reporting these levels of CSE for each item is shown in Table 13 and the percentage for each dimension is shown in Table 14 .
In the Early Term data, 39.2% of responses indicated low CSE, 38.0% indicated medium CSE and only 22.8% indicated high CSE. Within the results for End of Term, only 0.5% of responses indicated low, 18.0% indicated medium, and 81.5% indicated high CSE. Similarly, no dimension scores at follow-up were in the low CSE range and the lowest percentage in the high CSE range was 81.3%.
Most interesting here is that the presenting/speaking dimension (D3) exhibited the greatest percent of dimension scores indicating low CSE at Early Term, and the greatest percent of dimension scores indicating high CSE in the End of Term results.
Program adoption advice
We have been asked more than a few times how this Initiative's communications curriculum might port to other programs or colleges. To begin, it is important to acknowledge the current curricular context and to understand that any new communications curriculum should adapt (and can be adapted) to that context. With that in mind, we have three specific suggestions.
First, before beginning preliminary curricular planning, all the partners involved need to identify potential funding, e.g., development funds or the reallocation of tuition dollars. Accounting for long term workloads and labor availability are best done once there is a firm financial framework and therefore foundation in place. If a similar survey/study is to be part of the plan, funding for the dissemination, gathering, and analysis should also be factored in.
Second, the goal must be clear. Why would an engineering department want to imbue its curriculum with more communication skills? Is it ABET driven? Is it driven by alumni surveys? Is it an internal goal, identified by faculty or students or administration? Understanding what compels the adoption of such an initiative is important to its sustained vitality and the ways in which outcomes will be analyzed and valued.
Third, both the engineering partners and the communication partners should begin to identify the courses and instructors that would be at the core of the effort. As for the communication teaching, does your institution have specialized technical or engineering communication instructors? We strongly advise the use of these specialized instructors to address the needs of engineering/technical writing and presenting. The MAE/ECP Initiative landed on an early strong course that was required for all sophomores as its starting point, with re-enforced communication elements reappearing in the junior and senior years. In this phase, begin to speak with engineering faculty whose individual classes might be good candidates for strong communication infusion.
Finally, collaboration along with a mutual curiosity and respect for the partners' differing expertise and potential contributions are key. The established partnerships, and there will be many, must function as a genuine partnership.
Conclusion and Next Steps
As we began this project, the question was this: What more can we do to prepare students for the professional practice of communication in engineering? Currently, our data is both preliminary and incomplete, as we are not yet presenting the results of our extensive qualitative research. However, if we accept that the ability to communicate can be operationalized by communicative self-efficacy (CSE), then what more we can do is to create a partner course that begins earlier in the curriculum and that dramatically accelerates and enhances undergraduate students' development, a development that is already occurring. Clearly, we are interested to learn if course students' CSE will continue to increase, remain the same or perhaps even decrease. Importantly, we can "track" course students in a way that will allow us to discover that.
In the next semesters, we want to take advantage of students' improved ability as they progress through the MAE curriculum. By creating teaching partnerships with faculty offering select junior and senior level courses, we can certainly reinforce "lessons learned" and potentially enhance learning by building on students' prior experience and practice. However, we can also reduce engineering faculty workload and supplement their expertise by either teaching ourselves in those courses (most likely a single assignment) or by training interested faculty and/or TA graduate students to be more efficient and effective communication instructors. Finally, we claim that our approach to near-and long-term assessment will enable not only MAE but also other engineering schools and departments to offer concrete learning outcomes and produce actual data to support those outcomes.
There is much yet to learn. We are looking forward to the insights that that data most certainly will provide. Still, we believe that we have made a promising start toward planning and implementing an alternative communications curriculum that empowers students to actually be "work-ready" as communicators when they begin their professional engineering careers. And, while we must be careful with our inferences so early in the research process and from such a small sample size, we believe that it is at least safe to suggest that the pilot ENGRC 2250 has had a profound and very positive impact on students' reported communicative self-efficacy in engineering contexts. --In order to more easily identify any patterns that emerged, we arbitrarily labelled low CSE as 0-60, medium CSE as 60-80 and high CSE as 80-100. Only course students had a mean below 60 on any of the items, and then it was relatively close to 60. 
